which connects these two representations.
When one turns to quantum field theory, the situation is radically altered. One invariably works in the representation which diagonalizes the free particle part of the Hamiltonian and one is completely unfamiliar with the representation which diagonalizes the interaction part. Let us attempt to remedy this situation.
Consider the case of a local Lagrangian field theory with a scalar boson field coupled to a spin l/2 fermion field through a simple scalar coupling. The physically more interesting cases of quantum electrodynamics (in the transverse gauge), psuedoscalar meson theory, etc. , require only straightforward generalizations of the methods used to solve the simple scalar coupling case. The Hamiltonian is given [a'(-p), wj='o *
so that =g(PJwzI~>.
Since at(p) commutes with a'(c) a t (TX') we can write
and we have
is the eigenvector of e(x) for all 3 For all p we,have im '* ~~~lgQ)> = gt&tp 9
and for all x %-
where and by Eq. (7), g@) is real. 1 :
Now let us try and fix the normalizations so as to give us a complete ortho-'-normal set of states, and thereby,a unitary transformation.
,Toward this end let :
us evaluate the scalar product <f(@Ig(g)> for two arbitrary functions f(E) and g(E) which satisfy Eq. (7). To facilitate the ca&ulation we insert a convergence factor .'
by letting in where o<t<1.
Thus we have
where Then at the end of the calculation we shall take the limit as t -1. We define the state IO >t by Let us try to use relation (13a) to our advantage. We shall use the operator identity
where Bl and B2 are operators whose commutator is a C number. Letting Bl be the p'(g) part of B, and B2 be the /3(-p) part of B, we find using (16), (15b), (13c), w (13a), and (7) Similarly, we find 
Since K. = 1, we have
and so
by the binomial theorem.
Combining (18) and (22) we have
First we note that unless f(p) = g(p), the first exponential goes rapidly to zero as w. SWt 3.1.
Since we are interested only in the limit as t-1 we may rewrite (23) as
It is a satisfactory feature of (24) that unless
the numerator goes rapidly to zero as t -1, for this means that in some sense the orthogonality of eigenvectors with different eigenvalues holds true. However, the appearance of the factor in the denominator means that it is impossible to orthonormalize the states 1 g(p)> and hence there exists no unitary transformation connecting the free particle states 'with the states Ig(p)) .
Can we make any better intuitive sense of (24) ? First observe that since / 2i!k!k=l, v (27q3 implies that V is a phase space volume element for a single state for one boson we may heuristically write (26) where n is the product over any half of the possible states for one boson. S Similarly using relation (7) we may heuristically write and (27) (28) where n is the product over a particular half of the possible states for one boson, S namely a set of half the values of p chosen so that if.8 is within the set, then -p * is not within the set. For example we could take the set of all p such that either 
Substituting (39) in (37) and (38) It is interesting to note that in a completely analogous way we can construct i the set of all eigenvectors and eigenvalues of Ho, the free particle Hamiltonian.
We simply consider all possible functions g(a!, p) whose range is 0 and 1, and * f pa *'ml 1 will in general be either zero or infinite, and there will be a continuously infinite number of summations and integrals to do, which is also ill defined. Therefore, in general, it is impossible to write a given If > state as a superposition of Jg> states.
CONCLUSION
We have shown that a basic element of the nonrelativistic quantum theory is absent in. quantum field theory. We are still able to construct explicit representations which diagonalize either the free part or the interaction part of the Hamiltonian in quantum field theory, just as in nonrelativistic quantum theory, but there is no unitary transformation connecting the two representations.
In nonrelativistic quantum mechanics all the Hermitian operators which occur in the theory can be diagonalized, and the various representations which diagonalize them are connected by unitary transformations. This feature is fundamental to both t calculation and physical interpretation of the theory. The fact that this is no longer true in quantum field theory, as we have amply demonstrated, is a serious difficulty which has yet to be understood and overcome.
